Cultural boundaries have often been the basis for discrimination, nationalism, religious wars, and genocide. Little is known, however, about how cultural groups form or the evolutionary forces behind group affiliation and in-group favoritism. Hence, we examine these forces and show that arbitrary symbolic markers, though initially meaningless, evolve to play a key role in cultural group formation and in-group favoritism because they enable a population of heterogeneous individuals to solve important coordination problems. This process requires that individuals differ in some critical but unobservable way and that their markers are freely and flexibly chosen. If these conditions are met, markers become accurate predictors of behavior. The resulting social environment includes strong incentives to bias interactions toward others with the same marker, and subjects accordingly show strong in-group favoritism. When markers do not acquire meaning as accurate predictors of behavior, players show a dramatically reduced taste for in-group favoritism. Our results support the prominent evolutionary hypothesis that cultural processes can reshape the selective pressures facing individuals and so favor the evolution of behavioral traits not previously advantaged. (15, (20) (21) (22) . These findings have potentially broad significance because recent theoretical research has closely and surprisingly tied out-group hostility to the evolution of human prosociality within groups (23, 24).
players show a dramatically reduced taste for in-group favoritism. Our results support the prominent evolutionary hypothesis that cultural processes can reshape the selective pressures facing individuals and so favor the evolution of behavioral traits not previously advantaged.
A cultural group is a group of people who share a set of beliefs, behavioral norms, and behavioral expectations that is recognizably different from other groups (1) . Beliefs, norms, and expectations, however, are often not directly observable, and so by themselves they do not provide a practical basis for identifying cultural groups in everyday social interactions.
Nonetheless, cultural groups are frequently identifiable because of ethnic markers, which are arbitrary but observable traits like dress, dialect, and body modification that symbolically and conspicuously signal group affiliation (1) (2) (3) (4) (5) .
Symbolic traits of this sort can be crucial to social and economic outcomes. When ethnic markers covary with other cultural traits, individuals can potentially use markers to everyone's mutual advantage as indicators of what would otherwise be unobservable variation in beliefs, norms, and expectations. More nefariously, ethnic markers can lead to segregation, ethnic discrimination, and persistent inequality, and this can happen even in the paradoxical cases when everyone prefers integration (6) (7) (8) or when ethnicity indicates nothing about competence in a given domain (9, 10) . Indeed, parochialism and prejudice often mar intergroup relations. People show favoritism toward in-group members and indifference, hostility, or mistrust toward out-group members (11) (12) (13) (14) (15) (16) (17) (18) (19) . They do so even when groups are transient and group boundaries rest on the flimsiest of distinctions among individuals (15, (20) (21) (22) . These findings have potentially broad significance because recent theoretical research has closely and surprisingly tied out-group hostility to the evolution of human prosociality within groups (23, 24).
None of this, however, explains how a group gets to be a group and why. The long tradition of empirical research on intergroup relations (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) 25) includes two basic approaches to defin-ing groups. Studies have either used pre-existing cultural groups, which formed beyond the ken of the studies in question, or subjects were assigned to groups exogenously as part of an experiment involving the effects of social categorization. These methods can be powerful for many questions (12, 16) , but they cannot expose the mechanisms behind the formation of cultural groups. These mechanisms also represent a gap in evolutionary theories of human prosociality. Although the initial evolution of cultural groups may have little to do with cooperation, much of the theory on the evolution of human prosociality relies heavily on the observation that human populations are sub-divided into cultural groups (23, 24, 26) . This theoretical work, however, simply imposes the required population structure exogenously. The endogenous formation of cultural groups represents a plausible route to the required population structure that figures prominently but remains unexplained in evolutionary theories of human prosociality.
We conducted a set of experiments to identify the conditions required for cultural groups to form endogenously and for subjects to show in-group favoritism in their subsequent social interactions. We used neither pre-existing cultural groups nor groups created exogenously by the experimenter. Our task instead was to see if and when symbolically marked groups form endogenously and whether their formation can lead to a preference for interactions with others having the same symbolic marker. This preference was our operational measure of in-group favoritism in the experiment, and more generally such preferences can limit social interactions across cultural boundaries and potentially play a key role in the development of ethnocentric attitudes (27) . If such a preference were to emerge endogenously in our setting, the result would support a central hypothesis in evolutionary social science (27) (28) (29) (30) (31) . This hypothesis posits that a cultural evolutionary process can modify the selective environment facing individuals and so lead to the evolution, whether cultural or genetic, of traits that were not previously advantageous. In our case, the question is whether the evolution of cultural groups during an experiment can reconstitute the social environment to benefit in-group favoritism in a way that 3 did not obtain at the beginning of the experiment.
Cultural groups form when variation in an unobservable but socially critical variable becomes manifest. Consider a population of players playing a simultaneous, two-person coordination game with multiple equilibria. Players can choose behavior A or B. If two players meet and choose the same behavior, a large payoff results. If they choose different behaviors (32), a small payoff results. Some players expect to coordinate on A, others B. If players with different expectations meet, an information problem results. One simply has to play the odds and risk miscoordinating with someone who has incompatible expectations. This kind of problem is general. Variation in behavioral norms and expectations is widespread (1, 33, 34) , and the mixing of people with different expectations occurs frequently (1, 35, 36) . This mixing, however, creates the potential for people with discordant social expectations to meet, interact, and miscoordinate. Variation in expectations, however, is not enough for the existence of cultural groups because this variation is not directly observable.
Symbolic markers can change matters greatly, but only if they covary with expectations and by extension behavior. To illustrate, let players in our coordination game wear shirts with either triangles or circles. The shape on one's shirt does not affect payoffs, and so it fills the theoretical role of a symbolic marker. Consider a hypothetical population of 100 people, 50 of whom expect to coordinate on A and 50 on B. In addition, the 50 players who expect to coordinate on A have triangles on their shirts, and the 50 players who expect to coordinate on B have circles. The distribution of behavior-marker types in the population is consequently 50 (A, L) individuals, 0 (A, G) individuals, 0 (B, L) individuals, and 50 (B, G) individuals. The covariation between behavior and marker is at its maximum possible value in this example, and the markers perfectly reveal expectations and their associated behaviors in the coordination game.
More generally, when covariation characterizes the distribution of behavior-marker types, the observable markers allow one to draw statistical inferences about what is unobservable but 4 really important, namely behavioral expectations in a social setting with multiple equilibria.
When this is true, interacting preferentially with others having the same marker reduces the probability of miscoordination and increases expected payoffs. The puzzle, however, is how to get strong covariation endogenously in decentralized societies under limited information about the distribution of behavior-marker combinations. How does symbolic meaning emerge in the absence of fiat? Interestingly, mixing players with different expectations, which creates the original problem, also creates a potential solution. It does so by producing small amounts of covariation (see supporting on-line text) that can feed back into the system and accumulate dynamically (37, 38) .
The accumulation of covariation requires more than mixing, however, because mixing by itself often creates only a small amount of covariation between behavior and marker (37) . During our experiment, individuals did not have information about the aggregate distribution of behavior-marker combinations, and thus it would have been difficult or impossible to recognize an initially weak relationship between behavior and marker. Covariation can increase, however, if individuals link behaviors and markers in specific ways. Linkage refers to a tendency for an individual either to retain both her current behavior and marker or to change both her behavior and marker; what an individual does not do is change one trait but not the other. Linkage is crucial because it preserves the covariation created by earlier mixing, while continued mixing creates additional covariation that feeds back into the system and gets added to existing covariation. The result is that the total covariation accumulates, and this increases the economic incentives to interact with others having the same marker. For covariation to accumulate, however, linkage should not be indiscriminate. Rather, theory suggests it should be more prevalent in specific situations like those in which individuals acquire information about economically successful behavior-marker combinations (37, 38) . If individuals, however, never link under any circumstances because they choose behaviors and markers independently, covariation is constantly destroyed, and markers cannot become strongly associated with behavior.
We conducted the following experiment to see if players would show a preference for (i) linking behaviors and markers and for (ii) interacting with partners displaying the same marker.
In addition, we wanted to know (iii) whether linkage, if present, would generate sizable covariation between behavior and marker, which would then enable subjects to increase coordination via in-group favoritism. Players were assigned to one of multiple populations of 10.
We randomly subdivided these 10 players into two sub-populations of 5. Players within a subpopulation played one of two coordination games (Table S1 ). Each game had two pure-strategy equilibria, and thus players had to solve a coordination problem. Both games had two behaviors to choose from, A and B, but in sub-population 1 coordinating on A (41 points for each player paired with another playing A) was better than coordinating on B (21 points for each player paired with another playing B), while in sub-population 2 coordinating on B (41 points) was better than coordinating on A (21 points). Miscoordinating in either sub-population brought a small payoff (1 point). Payoffs were designed to draw players in different sub-populations toward different behaviors and so mimic the variation in norms, preferences, and expectations that often exists because of historical separation or important but unobservable environmental differences.
To create a persistent coordination problem, players from the different sub-populations were mixed, and they were never told to which sub-population they were assigned. If players had remained in their initial sub-populations, the game would have posed little problem. Players would have soon figured out their respective situations, and presumably players in subpopulation 1 would have only chosen A, while players in sub-population 2 would have only chosen B. Each period, however, a randomly selected player from sub-population 1 and a randomly selected player from sub-population 2 switched sub-populations. All players knew this would happen, but no one knew which two players had switched. In sum, each player had a 6 strong incentive to develop accurate expectations about her current sub-population, but from time to time she found herself in a new situation where her social expectations ran askew of local norms.
Players could also condition social interactions on symbolic markers. In each period each player chose one of two shapes, L or G. A player's payoff did not directly depend on her shape, but players could use shapes to influence with whom they would play the coordination game (38) . The experiment lasted 80 periods. Each period proceeded as follows.
• Stage 1. Each player chose a payoff-relevant behavior, A or B, for the coordination game and a payoff-irrelevant shape, L or G.
• Stage 2. An unidentified player from each sub-population switched sub-populations.
• Stage 3. Each player indicated whether she wanted to play the coordination game with i) a randomly selected player with the same shape from her sub-population or ii) any randomly selected player from her sub-population.
• Stage 4. Each player was paired using her choice in Stage 3 and received a payoff based on her behavior, her partner's behavior, and their sub-population.
To clarify our discussion of the results, when there was little or no covariation between behavior and marker, we will call a set of individuals who shared the same marker a "trivial" group. These groups were trivial in the sense that the markers partitioned the population into circles and triangles, but these markers did not reliably reflect any underlying variables affecting payoffs.
We will call a group "cultural," in contrast, only when a set of individuals shared the same marker after a sustained increase in the aggregate covariation between behavior and marker.
Groups were cultural in this case because markers did not simply partition the population into circles and triangles; they also on average partitioned the population into those who expected to coordinate on A versus those who expected to coordinate on B.
The experiment consisted of two treatments. In the marker-randomized treatment, each player was randomly assigned a shape after Stage 2 regardless of the shape chosen in Stage 1. In the marker-maintained treatment, each player retained her chosen shape. The markerrandomized treatment was a control treatment in which marker randomization precluded the possibility of the marker becoming an accurate predictor of behavior. The comparison between the two treatments shows (i) how much informational content the marker acquired in the marker-maintained treatment beyond the baseline when markers were randomly assigned and (ii) whether any differences in informational content translated into differences in the preference for in-group favoritism.
Importantly, sub-populations were not equivalent to symbolically marked groups, whether trivial or cultural. In a given period, a player's sub-population was the pool of players available for social interaction. A symbolically marked group, in contrast, was the set of players from the entire population with the same marker. In short, the division of players into two subpopulations, one favoring behavior A and the other behavior B, sustained variation in norms and expectations. This variation, however, was not observable, and so it could not by itself serve as a means of distinguishing one group from another. Symbolic markers, in contrast, were observable traits, and they could serve as a means of distinguishing one group from another. Markers, however, did not bear any necessary relationship to behavior and sub-population. The significance of markers, in essence, could only emerge during the experiment as a result of player choices. Markers had the potential to become the basis for determining cultural group affiliation ex post, and indeed that was our question, but they were devoid of content ex ante.
For a sustained increase in covariation, individuals have to link the behavioral and marker dimensions. We coded behavior-marker choices from Stage 1 of periods 2-80 as "linked" or "unlinked." A linked choice was one in which a player either retained her behavior and chosen marker from the previous period or changed both. An unlinked choice was when she changed 8 her behavior or marker but not both. A strong preference toward linked choices was present in general ( Figure 1 ), but it was significantly stronger in the specific case when a player received the optimal coordination payoff in the previous period (conditional logit, p < 0.001, Table   S3 ). These linked choices consisted almost exclusively of choices in which the player retained her behavior and marker from the previous period ( Figures S1 and S2 ). In addition, although the preference for linked choices after coordinating on the optimal behavior was present in both treatments, it was significantly stronger in the marker-maintained treatment (conditional logit, p < 0.001, Table S3 ). These results indicate that players showed a general tendency to couple behaviors and markers. This tendency, however, was strongest when a player hit upon a successful behavior-marker combination, and it was further reinforced and amplified in the marker-maintained treatment when the marker was not prevented from acquiring meaning. Substantial linkage at the individual level produces covariation between behavior and marker at the aggregate level. If strong enough and specific enough, the linkage exhibited in the experiment should have produced a significant increase in covariation in the marker-maintained treatment, when it was possible, but not in the marker-randomized treatment, when it was not.
Even though linkage was present, however, covariation should have been similar in the two treatments at the beginning of the experiment, before covariation had time to accumulate. Only in later periods should the covariation have been significantly higher in the marker-maintained treatment. The aggregate covariation between behavior and marker indeed followed this dynamical pattern. During the first five periods the covariation was not different in the two treatments (Welch two-sample t-test, df = 7.01, two-sided p = 0.68, Figure 2A ), while in the final five periods the covariation was significantly higher in the marker-maintained case (Welch two-sample t-test, df = 12.107, two-sided p < 0.001, Figure 2A ). Covariation thus strongly and significantly increased in the marker-maintained treatment but not in the marker-randomized case. This led to a strong overall treatment difference in the accumulation of the markers' predictive power 9 (Newey-West regression (39), p < 0.001, Figure 2A ).
The presence of covariation does not mean that players will exploit it by assorting into groups characterized by shared markers. Players could simply fail to recognize the association between behavior and marker as it developed, or they could fail to recognize its usefulness.
Nonetheless players exhibited an increasing inclination to request partners with the same shape as covariation accumulated. Throughout the marker-randomized treatment, players requested same-shape partners roughly 50% of the time ( Figure 2B ), a result consistent with indifference concerning the two interaction policies. In the marker-maintained treatment, however, players increasingly requested partners having the same shape as time passed. This increase was highly significant (Newey-West regression, p < 0.001), and the vast majority of players (87%) requested partners with the same shape in the final five periods ( Figure 2B ), indicating that in-group favoritism became an almost universal phenomenon.
In the presence of covariation, this kind of in-group favoritism should lead to more coordination and improved payoffs, but the strength of the effect will vary with the degree of covariation and preferential assortment. A calculation of the mean payoff over periods for each subject shows that payoffs were significantly different across the two treatments. The mean payoff in the marker-randomized treatment was 20.819 points, and it was 27.454 in the markermaintained treatment (Welch two-sample t-test, df = 88.912, two-sided p < 0.001). This difference, however, depended specifically on the dynamical increase in the markers' predictive content in the marker-maintained treatment, and this fact is central to our finding that the evolution of cultural groups changed the incentives associated with in-group favoritism. Specifically, for those players who requested a partner with the same shape, the mean payoff per period was not significantly different between the two treatments in the first five periods (Welch twosample t-test, df = 123.139, two-sided p = 0.1638), while it was highly significant in the final five periods (Welch two-sample t-test, df = 105.733, two-sided p < 0.001). The higher overall payoffs in the marker-maintained treatment stemmed from an increase in coordinating on the optimal behavior in each of the two sub-populations ( Figure 3) . A detailed analysis formally confirms the dramatic and robust payoff effect that resulted from assorting on markers in the marker-maintained treatment (supporting on-line text).
These results show how the evolution of cultural groups can reconstitute the social environment and produce selection for an in-group bias that was not initially advantageous. If selective pressures of this sort were common in past human societies, a plausible outcome would arguably be a relatively inflexible bias leading individuals to prefer others similar in some symbolic dimension. This idea is consistent with much research showing an astonishing willingness for subjects to exhibit in-group favoritism when groups are based on trivial, short-lived distinctions (12, 15, 16, 21, 22) . For our study, this could mean the marker-based assortment we documented largely reflected a readiness to favor the in-group that was already in place when the subjects came to the lab, and it did not stem from the endogenous formation of cultural groups during the experiment. In particular, although we found a dramatic difference in assortment dynamics in our two treatments, we still found a strong tendency to assort in the marker-randomized treatment. This assortment was relatively meaningless with respect to payoffs, but because requesting a partner with the same shape was free it is consistent with two different motives on the part of players. Players could have simply been indifferent between two largely meaningless, cost-free social interaction policies, or they could have had a strong residual taste for same-shape partners even when such pairings did not improve payoffs.
To distinguish between these two possibilities, we conducted a second experiment with three treatments, all of which required subjects to pay a small cost for in-group favoritism.
In the three treatments of our second experiment (supporting on-line text), subjects had to pay a cost of 1 point when they requested and were successfully paired with a partner having the same shape. To maximize the salience of the marker, all players retained their chosen markers in all treatments. In the payoff-equivalent treatment, the payoff structure was changed such that coordinating on A or B yielded the same payoff (21 points) regardless of the players' sub-population. Because the payoff structure in the sub-populations was identical in this case, players did not differ in terms of some unobservable variable related to payoffs, and thus they had no material problem the markers could help them solve. They could, of course, continue to bias their interactions toward those having the same marker if willing to pay the cost. In the fixed-marker treatment, players only chose a marker in the first period. This marker was then retained for all 80 periods. In this treatment, markers were ostensibly similar to traits like race that are often perceived as immutable. Because of this perceived immutability, which may or may not be an accurate perception, such traits are especially prone to essentialist generalizations and are thus prime candidates for generating in-group favoritism and out-group hostility (40) .
A truly immutable marker, however, like the one we implemented, should not evolve to be a stable predictor of behavior because individuals cannot adjust their markers to reflect changing social circumstances. In the fixed-marker treatment, for example, players could benefit from changing their expectations about where to coordinate when they changed sub-populations, but they could not change their markers to signal their shifting expectations. Players could nonetheless choose to assort on marker, if they wished. Lastly, as a new baseline, the modified marker-maintained treatment was similar to the original marker-maintained treatment, but it involved the same assortment cost used in the payoff-equivalent and fixed-marker cases.
As in the original marker-maintained treatment, the covariance between behavior and marker accumulated at a significant rate through time in the modified marker-maintained treatment (Newey-West (39) regression, maximal lag of 10, period trend t-test, p = 0.003). In early periods, the covariance in the fixed-marker treatment was lower than in the modified markermaintained treatment, and this difference was marginally significant (z-test on Newey-West estimated intercepts, p = 0.067). Furthermore, unlike the modified marker-maintained case, covariation did not accumulate through time in the fixed-marker treatment (Newey-West regression, lag of 10, period trend t-test, p = 0.294). The estimated time trend was slightly negative, and this was significantly different from the positive trend in the modified marker-maintained treatment (z-test on Newey-West estimated period coefficients, p = 0.002). In the payoffequivalent treatment, covariance was significantly lower in early periods than it was in the modified marker-maintained treatment (z-test on Newey-West estimated intercepts, p < 0.001), and it declined even further at a significant rate (Newey-West regression, lag of 10, period trend t-test, p < 0.001). In this case, covariance actually declined all the way to 0 because all players soon converged on A in all sub-populations. With no variation in behavior, covariation between behavior and marker is not possible. Shared history was sufficient to form accurate expectations about where to coordinate, and the marker was not useful in this respect. In sum, trivial groups became cultural groups in the modified marker-maintained treatment, but trivial groups remained trivial in the payoff-equivalent and fixed-marker treatments.
Players, in turn, responded strongly to the resulting variation in the accumulated predictive power of markers. In the modified marker-maintained baseline, roughly 55% -60% of the players requested partners with the same shape in later periods (Figure 4 ). In the payoffequivalent and fixed-marker treatments, however, only 15% -25% assorted on shape in later periods, and the differences relative to the baseline were highly significant ( Figure 4 ). The payoff-equivalent case is especially clear because, as mentioned above, all players eventually played A in both sub-populations, and the predictive value of the markers went to zero as a result. Correspondingly, the proportion of players requesting same-shape partners unraveled relentlessly as the experiment progressed ( Figure 4) . The fact that assortment did not disappear altogether suggests that perhaps a few players had a weak taste for assortment even when this did not improve coordination. Altogether, however, our results show that the preference for interacting with similarly marked players varied strongly according to whether markers became 13 accurate predictors of behavior in the face of heterogeneous behavioral expectations. In short, in-group favoritism had little to do with an unconditional preference for similarly marked partners and a lot to do with whether trivial groups evolved into cultural groups. For this cultural evolutionary transition to happen, two requirements had to be met. First, players had to differ persistently in some important but unobservable dimension that could sustain symbolic representation. Our payoff-equivalent treatment removed this feature, and assorting on shape steadily declined through time. Second, the symbolic markers themselves had to be freely chosen and mutable in a way that allowed an association between markers and unobservables to develop.
Our marker-randomized and fixed-marker treatments removed this feature, and assorting on shape was relatively low in all periods when compared to their respective marker-maintained treatments.
The research on intergroup processes has by and large suggested that people have a grim willingness to show in-group favoritism, and in particular this holds even when groups are trivial and evanescent (12, 13, 16-18, 20-22, 25) . This research tradition, however, has in general examined neither the evolutionary mechanisms behind group formation nor the impact of these mechanisms on in-group favoritism. We, in contrast, implemented an experiment in which the significance of groups had to arise, if at all, endogenously. In this setting, trivial groups remained trivial under certain circumstances, but under other circumstances they developed into cultural groups composed of individuals who shared both behavioral expectations and symbolic markers signaling group affiliation. In-group favoritism was strongly associated with cultural groups but not trivial groups. Our experiments made exclusive use of coordination games, which serve as a kind of generic proxy for strategic settings with multiple equilibria. Many strategic settings are characterized by multiple equilibria (41) , and thus the dynamical processes examined here have potentially broad significance. The mechanisms implicated in the evolution of human prosociality, for example, often produce multiple equilibria (42, 43) , and so cooperation is a behavioral domain with considerable scope for the path-dependent evolution of groups with different norms and expectations. In this sense cooperation can be analogous to coordination. Even more generally, anytime people have a shared interest in distinguishing among themselves in terms of their unobservable information (37) , whatever that means in a given situation, the logic behind the evolution of cultural groups holds. The informational content of the marker. The graph shows the mean magnitude of the covariance between behavior and marker in a sub-population relative to the theoretical maximum for the marker-randomized (line with filled circles) and the marker-maintained (solid line) treatments. The period trend for marker-randomized is not significant (Newey-West (39) regression, maximal lag of 10, t-test, p = 0.368), while it is highly significant for the markermaintained treatment (Newey-West, lag of 10, t-test, p < 0.001). (B) In-group favoritism, as indicated by the proportion of players requesting a partner with the same shape. The markerrandomized period trend is not significant (Newey-West, lag of 10, t-test, p = 0.868). The marker-maintained period trend is highly significant (Newey-West, lag of 10, t-test, p < 0.001), leading to large differences in in-group favoritism across treatments. 
Experimental methods
For each session 30 subjects were divided randomly into three populations. The vast majority of subjects were students at the University of Zürich or the Swiss Federal Institute of Technology. Students studying psychology were excluded from the subject pool. At the beginning of each session subjects read instructions 1 explaining how the game worked as detailed below. After reading the instructions, all subjects had to answer several questions designed to ensure they understood the payoff structure, sub-population mixing, and the use of shapes as a means of influencing coordination-game partners. Sessions would 1 Instructions in German are available upon request.
not begin until all subjects had answered all questions correctly. Importantly, the framing for the use of shapes was neutral. The word "shape" was used exclusively, and any questions about shapes were answered, as in the instructions, by simply stating that they could be used to influence one's partner according to the chosen interaction policy. Altogether, the marker-randomized treatment consisted of 90 subjects divided into 9 populations, the marker-maintained treatment consisted of 60 subjects divided into 6 populations, the modified marker-maintained treatment 60 subjects divided into 6 populations, the payoff-equivalent treatment 30 subjects into 3 populations, and the fixed-marker treatment 30 subjects into 3 populations. All sessions lasted for 80 periods. Experiments were conducted on a local computer network using z-Tree (Fischbacher, 2007) , and data were analyzed in R (R Development Core Team, 2006).
Initially each player in a population was randomly assigned to one of two sub-populations (called "groups" in the actual experiment), and then the experiment began. As detailed in the main text, the sequence of events within a period was the following.
• Stage 2. Two players switched sub-populations. One player was randomly selected from sub-population 1, the other from sub-population 2.
• Stage 4. Each player was paired according to her choice from Stage 3 and received a payoff based on her own behavior, the behavior of her partner, and the sub-population they were occupying at the time.
Players played the coordination games shown in Tables S1 and S2. They only received payoffs in their roles as players 1, and each player was player 1 once per period. For example, if a player 1 named Rafael were to request a match with someone having the same shape, a player 2 named Ernst from the same sub-population might be selected.
Rafael would receive a payoff from this pairing, but Ernst would not. Ernst, however, would separately play the role of player 1 once in the period. Moreover, Rafael might be randomly selected as someone's partner in the same period, but Rafael, as Player 2,
would neither know about this pairing nor receive a payoff. His behavior and marker, in essence, would simply be drawn from an appropriate set of behavior-marker combinations in the sub-population. This procedure ensured that each player only received one payoff per period. In addition, if a player requested a match based on shape, but this was not possible because she was the only player in her sub-population with her shape, the player was simply matched randomly with any other player from the same sub-population. She was told as much in Stage 4. Matching success rates, conditional on requesting a sameshape partner, were 89.77% in the marker-maintained treatment and 94% in the markerrandomized treatment.
Players were fully informed about the structure of the game. As the game proceeded, reason, we changed the feedback in the second experiment to a more natural form in which each player, in addition to her own information from the previous period, also received information on the behavior and marker of her partner. As with the random other of the first experiment, the player's partner of course was also from the same sub-population.
In the modified marker-maintained, payoff-equivalent, and fixed-marker treatments of the second experiment, players requesting a partner with the same shape paid a cost of 1 point if this request was successfully implemented. Matching success rates, conditional on requesting a same-shape partner, were 92.35% in the modified marker-maintained treatment, 94.26% in the payoff-equivalent treatment, and 96.49% in the fixed-marker treatment.
In both experiments, after period 80 players answered a brief questionnaire and then received their payments privately in Swiss Francs. The exchange rate was 50 points to the Franc.
How mixing produces covariation
To illustrate how mixing produces covariation between behavior and marker, let players in our coordination game wear shirts with either triangles or circles. The shape on one's shirt does not affect payoffs, and so it serves as a symbolic marker. Consider a hypothetical set of five players with the maximum amount of covariation between behavior and marker:
Covariation is high here because the variation in both behaviors and markers is high, and because each behavior has its own marker. A particular combination, (A, L) for example, means the individual has an observable marker, L, and would commit to a specific behavior, A, in the coordination game because this is where the individual expects to coordinate.
If an (A, L) person initiates an interaction with any random individual in her group, with probability 1/2 she will be paired with someone having behavior A, yielding a large coordination payoff, and with probability 1/2 she will be paired with someone having behavior B, yielding a small miscoordination payoff. If she only initiates an interaction with another triangle, she will coordinate with someone playing A with probability 1. Because behav- 
Although we are exploiting this result with a cultural interpretation related to ethnicity McElreath et al., 2003) , it is actually a classic result from the study of structured populations in population genetics (Roughgarden, 1979) . As the covariance equation above shows, mixing creates covariation when the two sub-populations differ in any way in terms of their mean behaviors and mean markers ). The dramatic differences in our example are not necessary; any random trivial difference will do.
3 An analysis of linked and unlinked choices Table S3 shows regression results. In addition to information about their own play, in the first experiment subjects also had information about the behavior, marker, and payoff of a randomly selected other player from the same sub-population. This allows for a conditional logit analysis that further decomposes the tendency toward linked choices. Table S4 presents the results from such an analysis. The decomposition uses predictors that code for the focal player's payoff in the last period, which is also true of the regression in Table S3 , and the payoff of the randomly selected player whose information was additionally provided in Stage 1 of periods 2-80.
Finally, a linked choice in this analysis subsumes two situations: i) retaining both one's behavior and marker and ii) changing both one's behavior and marker. An unlinked choice also subsumes two situations: i) retaining one's behavior and changing one's marker and ii) changing one's behavior and retaining one's marker. Figures S1 and S2 decompose linked and unlinked choices into these four separate cases and show that, when a player received 41 points in the previous period, the subsequent bias toward a linked choice was almost exclusively a bias toward retaining the lagged behavior-marker combination.
Payoff dynamics, detailed results
As shown in the main text, players in experiment 1 preferentially chose partners having the same shape when covariation between behavior and marker was high. As a result they coordinated more. When players coordinate more, it improves payoffs in two ways.
Most obviously, coordinating brings higher payoffs than miscoordinating. In addition, coordinating can improve learning. When a player receives either 21 or 41 points, the player can infer her current sub-population with certainty. This is not possible with a payoff of 1. Consider someone playing B. If she receives 21 points, she knows she is currently in sub-population 1 because the only way to get 21 points playing B is to coordinate on B in sub-population 1. A payoff of 1, however, could indicate that the focal player is in sub-population 2, but she was matched with a partner who thinks he is in 1 To analyze fully the payoff dynamics in the two treatments of experiment 1, we fit several multinomial logit models to the data. Specifically, the payoff for individual i's tth observation (i.e. the payoff for a given player in given period) was coded as falling into one of three categories. The dummy Π 41,it ∈ {0, 1} records whether the payoff was the optimal coordination payoff of 41. The dummy Π 21,it ∈ {0, 1} records whether the payoff was the sub-optimal coordination payoff of 21. Lastly, Π 1,it = 1 − Π 41,it − Π 21,it records if the payoff was the miscoordination payoff. Each model fit to the data returns two sets of parameter estimates, β 41 and β 21 , based on the specification ln{P (Π 41,it = 1)/P (Π 1,it = 1)} = β 41 · x it and ln{P (Π 21,it = 1)/P (Π 1,it = 1)} = β 21 · x it , where x it is a vector of covariate values for the observation indexed by i and t.
The models included, in various combinations, the following covariates: i) dummies for individual players (Ind. FE), ii) a dummy indicating participation in the marker-maintained treatment (MM), iii) a period variable (i.e. 1-80) interacted with a dummy for the markerrandomized treatment (t × MR) and/or the marker-maintained treatment (t × MM), iv) a dummy indicating if the player successfully requested to be matched on shape interacted with the marker-randomized dummy (SS × MR) and/or the marker-maintained dummy (SS × MM), v) a dummy indicating whether the player's beliefs about her current subpopulation were correct (BC), vi) a dummy indicating if the player migrated (e.g. switched sub-populations) from one sub-population to the other (Mig.), and vii) the proportion of players in the sub-population with the optimal coordination behavior (POB). Table S5 details the 12 models fit to the data. As Table S5 shows, the overwhelming majority of the total Akaike weight is distributed over models 7 and 10. These models are distinguished by the fact that they do not include individual dummies, while they do include the interaction between period and the markermaintained dummy (t × MM), as well as the interaction between the marker-maintained dummy and the dummy for a player successfully requesting a partner with the same shape (SS × MM). Tables S6 -S8 These effects are additional improvements that hold while controlling for the more accurate beliefs and enhanced learning in the marker-maintained treatment. Requesting a partner with the same shape in the marker-randomized treatment did not have an effect.
This was by design, of course, but altogether the analysis formally confirms that the joint effect of participating in the marker-maintained treatment and requesting a match based on shape is what brought an increase in payoffs. The results from models 10 and 1 show that this conclusion is entirely robust.
Finally, we conducted an analogous multinomial logit analysis comparing the modified marker-maintained and fixed-marker treatments under the expectation that modified marker-maintained results would be similar to marker-maintained, and fixed-marker results would be similar to marker-randomized. We did not include payoff-equivalent results because, unlike all other treatments, the response was binary in the payoff-equivalent treatment. Moreover, as mentioned in the main text, after some initial noise, all players soon settled on playing A in all sub-populations, and hence the results did not provide much interesting variation to model. Table S9 shows the results of the model selection exercise for the modified markermaintained and fixed-marker treatments in experiment 2. Models 1 and 4 are the best fitting models. Interestingly, apart from the inclusion of individual fixed effects, these two best fitting models have exactly the same predictors as the best fitting models for experiment 1, further demonstrating the robustness of the effects observed in our experiments. Table S10 shows the detailed results from fitting model 1 to the modified markermaintained and fixed-marker data, and these results are very similar to those from experiment 1 (Tables S6 -S8) . Table S1 . Payoffs in points for player 1 (the row player) in sub-population 1 (left) and sub-population 2 (right) in the marker-randomized, marker-maintained, fixed-marker, and modified marker-maintained treatments. Table S4 . Linked and unlinked choices, experiment 1, decomposed analysis. Results are from a conditional logit model with subjects as the stratification variable. A linked choice is coded as a positive result (i.e. 1). Covariates include i) a period variable (t), ii) a period variable interacted with a marker-maintained dummy (t × MM), iii) dummies for payoff combinations reported in Stage 1 (e.g. (41,1) means the decision maker received 41 in the last period, the randomly selected other got 1), and iv) these same dummies from (iii) interacted with the marker-maintained dummy (e.g. (41,1) Table S5 . Table S9 . 
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